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Abstract
Polymer coated bullets were designed to limit a shooter’s exposure to lead. However,
despite the advantages that these bullets give there are still difficulties which arise in a forensic
firearms examination. Unlike in a typical metal coated bullet, individualizing striations will
typically not be imparted to a polymer coated bullet making it unable to be linked to a specific
firearm. Due to this difficulty any information that can be gained at the scene of the crime could
be crucial. Some obtainable information includes the angle of ricochet and the angle of incidence
of the discharged bullet as well as traces from the polymer coating found at the impact mark. In
this project the ricochet angle and angle of incidence were calculated using a trigonometric
equation, and the velocity was also measured with a chronograph. The data was collected using 9
mm Luger Federal brand total synthetic jacket (TSJ) bullets and 9 mm Luger Federal brand full
metal jacket (FMJ) bullets. The selected substrates were sheetrock®, sheet metal, and durock®
cement boards. Upon the collection of the velocity data the TSJ bullets had a significantly lower
average velocity (p-value of <0.00001), by a difference of 257 ft/s (feet per second) when
compared to the FMJ velocity. When the angles of ricochet were calculated each FMJ average
angle was lower than the corresponding TSJ average angle, except in two instances. The ellipse
method was found to still be an accurate method to determine the angle of incidence when
applied to TSJ bullets
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1. Introduction
Polymer coated bullets were made limit the shooter’s exposure to lead as well as limit the
amount of lead that would be released into the environment (Haag 2018; Von Rentzell 2018).
This exposure to lead has been proven to be dangerous to both the shooter as well as the wildlife
in an environment where repeated shooting happens, such as a hunting ground. Pain et al. (2010)
found that one of the ways that an individual can ingest lead is through their diet, specifically
through the consumption of animals that were killed with lead bullets. Upon the analysis of deer
being hunted with lead bullets, whose meat was then prepared by a butcher and fed to pigs, a
higher concentration of lead in the blood of the studied pigs was found (Pain et al. 2010). Tsuji et
al. (2008) also investigated lead ingestion by looking into the lead levels of the indigenous
people of the First Nations in Canada. Within this community they found that lead bullets were
used consistently for hunting purposes. Upon this discovery they took blood samples from
volunteers in the community who consumed the meat that were shot with lead ammunition and
found higher concentrations of lead in the blood of these indigenous people. Tsuji et al. (2008)
also found that the fumes from a firearm after it has been discharged can also be a possible route
of lead exposure to an individual (Tsuji et al. 2008). Both papers confirmed that the use of lead
bullets is a potential means of lead exposure from consumption of animals that were killed with
lead bullets (Pain et al. 2010; Tsuji et al. 2008).
Polymer coated bullets are not a new innovation in the world of firearms as there have
been several different versions of polymer coated bullets designed over the past fifty plus years.
One such bullet was originally manufactured in 1967 when the owners of KTW designed a
Teflon coated bullet. Another version was released in 1978 when Smith & Wesson first released

2
their Nyclad line of bullets which was again reintroduced in 2009. These are just two of the
different designs of polymer coated bullets that have been manufactured, all of which have led
up to the most recent development in polymer coated bullets. This newest development is the
American Eagle branded Syntech ammunition released by Federal in 2016 (Warren 2018). This
new design had a thermoset polymer (Warren 2018) which was analyzed using Fourier
Transform Infrared Spectroscopy (FTIR) and found to be most consistent with a polybutylene
terephthalate polymer (Haag 2018).
In addition to the reduced lead exposure from these bullets there are other advantages to
these bullets. One advantage was discovered by Von Rentzell et al. (2018) who found that the
use of these bullets will limit the amount of metal-on-metal contact in the barrel and in turn
produce a cleaner barrel, with less fouling. Fouling is the dirtying of the gun barrel resulting
from the buildup of the metals of the bullet. As opposed to a typical FMJ bullet with exposed
metal which will deposit metal on the surface of the barrel as the bullet travels down the barrel,
resulting in barrel fouling (Von Rentzell et al. 2018). Despite these advantages for the shooter
these bullets also come with a disadvantage: they can/will lead to complications in a forensic
firearms investigation. This complication stems from that fact that this polymer coating on the
bullet will make it difficult for it to bear any striations suitable for an identification. In addition
to this Haag (2018) and Von Rentzell et al. (2018) found that the only striations that can be
found on these bullets are those of the general rifling characteristics. General rifling
characteristics are characteristics which are imparted onto a bullet from the lands and grooves in
the barrel and which can be used to determine a brand/model of a firearm but not a specific
firearm that was used (Savage & Freed 2008). Haag utilized a comparison microscope to
compare bullets fired from six different pistols (Figure 1) and Von Rentzell et al. (2018) had two
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firearm examiners analyze different bullets fired from four different 9 mm Luger pistols (Haag
2018; Rentzell 2018). Haag (2018) was unable to link any bullets to the firearm that fired that
particular bullet, and the only striations of use were those from the general rifling characteristics.
The firearm examiners utilized by Von Rentzell et al. (2018) were also unable to link any two
polymer coated bullets as being fired by the same firearm nor were they able to link a fired bullet
to a firearm. Despite these disadvantages there is one unique feature in these bullets that could
prove beneficial in a forensic investigation and that is a lead-free primer (Von Rentzell et al.
2018) which is currently a unique primer due to its bismuth content (Haag 2018).

Figure 1. Test fires of two
different caliber polymer
coated bullets (9 mm and
.40 S&W) from two
different firearms (Beretta
and Glock) (Haag 2018).

Regardless of the bullets used in the commission of a crime, whether they are polymer
coated bullets or more common full metal jacketed bullets, hollow point bullets or unjacketed
bullets (which common to revolvers), an important step that can be taken in the investigation of
the crime is a reconstruction of the scene. One of the events that may have occurred at the scene
that would greatly impact the reconstruction effort is if the bullet(s) ricocheted off a substrate. If
it can be seen that the bullet did ricochet, then there are different variables that need to be taken
into account and different measurements that need to be taken (if possible). These measurements
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will be necessary to gather the most information about these different variables at the scene so
that various details about the scene can be determined. These details may include the location of
the shooter, the angle at which the shot was taken, or the angle that the bullet ricocheted after it
impacted the substrate. One effective method that can be used during a shooting scene
reconstruction is the ellipse method. This method uses the dimensions (length and width) of the
bullet’s impact mark on the substrate to calculate the angle at which the bullet was relative to the
substrate (also known as the angle of incidence). By knowing this angle, the relative position of
the firearm and the shooter can be determined with the help of a laser, string, or probes. Another
way the impact mark can be used is to calculate the angle at which the bullet left the substrate,
also known as the angle of ricochet. However, the second impact mark that the bullet creates
after it leaves the first substrate will need to be found to calculate this angle. If the second impact
can be found, then measurements can be made and using the trigonometric relationship between
two sides of a right triangle these measurements can be used to calculate the angle of ricochet. If
these two calculations can be made then two important pieces of information for a shooting
scene reconstruction, the angle of incidence and the angle of ricochet, can be obtained.
There are many different published works which researched the topic of bullet ricochet
that included ricochet of several different calibers of ammunition off of several different
substrates. There have also been many published works that examine different shooting scene
reconstruction methods using a variety of calibers and substrates. However, to date there has
been no published works regarding bullet ricochet of polymer coated bullets and shooting scene
reconstruction. This is an area of research that could be of great value in the field of forensic
firearms especially when one considers the roadblock an examiner may encounter when
examining these polymer coated bullets. Typically, it is possible to match a fired bullet to the
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firearm that fired it using the striations that can be found on the bullet but that is not the case
with polymer coated bullets. Upon examination of these bullets Haag (2018) found that “the
barrel markings on the bearing surfaces of these bullets were limited to the general rifling
characteristics” (p. 212). Therefore, because of the obstacles faced when examining these
polymer coated bullets any information that can be gained about them could prove crucial in a
forensic investigation. Without this research it cannot be known whether or not the polymer
coating of these bullets interacts differently on a substrate and therefore will affect the ricochet
of the bullet. Alternatively, if there is a difference in the interaction, it will be important to know
whether certain shooting scene reconstruction methods are applicable for ricochet of polymer
coated bullets.
The question then becomes, do polymer coated bullets behave differently upon impact
with a substrate and if so, does this affect the ricochet of these bullets? Another question that can
be answered is whether or not the angle of incidence can be calculated from the impact markings
of these bullets. In an attempt to answer these questions Federal brand 9 mm Luger Total
Synthetic Jacket bullets (TSJ) were selected as well as Federal brand 9 mm Full Metal Jacket
(FMJ) (important to note that at the time research was conducted ammunition was hard to come
by and so there was a limited number of shots taken with the FMJ bullets). The substrates
selected were sheetrock®, galvanized sheet metal, and durock® cement boards and the selected
firearm was a Ruger PC9. To answer these questions, trigonometry was used after measurements
were taken of the dimensions of the bullet’s impact mark as well as measurements of the path of
the bullet after it ricocheted off of the substrate. Through this research these two important
questions can begin to be answered but there is further research that should be performed to
further answer these questions.
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2. Literature Review
To analyze bullet ricochet there are a few definitions one must be familiar with such as
ricochet, angle of incidence, angle of ricochet, perforation, and the critical angle (Burke & Rowe
1992; Haag & Haag 2011). Ricochet is the continued movement of a projectile after it contacts a
surface at a low angle whereas deflection is the change in a projectile’s expected path after
impact with a surface (Haag & Haag 2011). Angle of incidence is the angle between the
projectile’s trajectory before the ricochet and the substrate the projectile has contacted. Angle of
ricochet is the angle between the ricocheted projectile and the surface from which it ricocheted
(Bure & Rowe 1992; Haag & Haag 2011; Mattijssen & Albernik et al. 2016; Mattijssen & Pater
et al. 2016; Yong 2017). The critical angle is considered the angle of incidence above which a
projectile will no longer ricochet from the surface but will instead perforate the substrate or
disintegrate (Burke & Rowe 1992; Haag & Haag 2011) and it can also be thought of the angle at
which half of the fired bullets will ricochet while the other half will perforate the substrate
(Mattijssen et al. 2018; Mattijssen & Pater et al. 2016). Perforation is the creation of a hole
through a material by an object, in this case a bullet (Burke & Rowe 1992).
Whether or not a bullet will ricochet or perforate a substrate will be affected by a few
different factors: the properties of the bullet, the muzzle velocity, the angle of incidence of the
shot and the nature of the substrate with which the bullet is interacting (Burke & Rowe1992;
Kerkhoff et al. 2015; Liscio & Imran 2020; Mattijsen & Albernik et al. 2016; Mattijssen et al.
2018). For example, if a bullet has a round nose, it is more likely to ricochet than a flat-nosed
bullet, full metal jacket bullets are more likely to ricochet than semi-jacketed bullets, and the
lower the velocity of the bullet when it strikes the substrate the more likely it is to ricochet
(Burke & Rowe 1992). Outside of the factors of the bullet, the nature of the substrate will also
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have an impact on the ricochet of a bullet (Haag & Haag 2011). Haag and Haag (2011) break
down substrates into four categories: hard / unyielding, frangible, semi-hard or semi-yielding,
and yielding. Examples of hard or unyielding substrates are smooth marble, granite, concrete,
etc. and a bullet that has struck this kind of surface will typically ricochet in a yawed or
destabilized manner with little damage done to the substrate (if the angle is low enough to cause
ricochet). The most common example of a frangible material is a concrete block masonry unit
(CMU), and these substrates will act similar to an unyielding surface up until a certain angle of
incidence at which the substrate will begin to shatter. Semi-yielding substrates are those
substrates that fall in between the unyielding and yielding categories and a common example of
this type of substrate is asphalt. When these types of substrates are struck by a bullet,
characteristic damage to both the substrate and the bullet will be identifiable. Additionally, with
this type of substrate the angle of ricochet can be unpredictable and potentially greater than the
angle of incidence. Finally, a yielding surface is a type of substrate of which the ricochet angle
will usually be greater than the angle of incidence (Haag & Haag 2011).
A shooting scene reconstruction can be a critical part in a forensic investigation and give
valuable information to the investigation. Based on information gathered from the scene such as
the shape of the primary point of impact or the positioning between the primary and secondary
deflection impacts an examiner may be able to determine the bullet’s trajectory before the initial
impact (Mattijssen et al. 2018). Knowing the trajectory of the bullet can help an investigator
determine several key factors such as the location/position of the shooter and potentially the
sequence of events that happened during the shooting (Walters & Liscio 2020). However, the
accuracy and precision of the various methods to try and accomplish this can vary depending on
the method used, the substrate off which the ricochet occurred, the actual angle of incidence, and
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the caliber/type of the bullet used A study performed by Mattijssen and Kerkhoff (2016) looked
into the accuracy and precision of three different methods: the probing method, the lead-in
method, and the ellipse method. Upon the use of the three different methods Mattijssen and
Kerkhoff found that upon ricochet off the target material there were three factors that increased
the deflection of the bullets. The deflection generally increased as the angle of incidence
decreased, the density/thickness of the substrate increased, or the mass of the bullet decreased.
Of the three methods used, the method that proved to have the best accuracy and precision over
all angles of incidence used was the probing method and only for the lower angles of incidence
were the other two methods (lead-in and ellipse method) more accurate and precise. Despite
being the most accurate and precise over a large range the probing method has proved to be a
destructive technique (Mattijssen & Kerkhoff 2016) and the probing method can be more of a
tedious technique because it requires repeated placement of the rods in the bullet impact site
(Liscio & Imran 2020). The ellipse method has been proven to be an accurate and simple
technique but begins to lose its accuracy when the angle of incidence is above 64°, with 0º as
horizontal and 90º as the vertical direction (Figure 2) (Walters & Liscio 2020).

90º

0º
Figure 2. Depicting angle notation for bullet ricochet.
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The ellipse method is done through the application of the formula: q = 𝑠𝑖𝑛!" (()*+&'), with q
being the angle of incidence and the length and width being the dimensions of the impact mark
on the substrate (Mattijssen & Kerkhoff 2016; Walters & Liscio 2020). However, the use of the
sine function has a limitation in that it will be sensitive to small measurement errors when the
angle of incidence is high. Data showed that the ellipse method is an accurate method that can be
used for shooting scene reconstruction, but the results will vary depending on the type of
ammunition, the firearm, and the angle of incidence (Walters & Liscio 2020). The study
performed by Liscio and Imran (2020) also showed that although the bullet geometry and
composition are important factors for ricochet when there is only one ammunition type in
question the angle of incidence becomes a more important variable.
In addition to determining the angle of incidence, the angle at which a bullet ricochets
from the substrate can also be calculated. Nishshanka et al. (2020) examined the ricochet
behavior of Kalashnikov bullets (7.62x39 mm rifle bullets) off of one-millimeter-thick sheet
metal. The calculated ricochet angles showed an increase as the incident angle increased, except
for an incident angle of 13° which showed a slight decrease (Nishshanka et al. 2020). Mattijssen,
Pater, and Stoel (2016) examined the ricochet behavior of bullets off of glass and in this study,
they found that the mean calculated ricochet angle from this substrate was always lower than the
associated angle of incidence. Mattijssen et al. (2018) performed a study in which they examined
a bullets trajectory after they impact laminated particle board. Using eight different cartridge
types they were able to use the space between the two impact marks and calculate the angle of
ricochet for each cartridge type (Mattijssen et al.2018). For each ricochet that was achieved the
authors would utilize a witness paper, which is a piece of paper placed after the substrate, to
record where the ricocheted bullet struck the paper. They then measured the distance from the
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end of the impact mark on the substrate to the witness screen and the vertical height from the
substrate to hole in the witness paper. From these two measurements the authors utilized the
,-

following equation to calculate the ricochet angle: θ = sin!" (-. ) (Mattijssen & Pater et al.
2016; Nishshanka et al. 2020). Where “θ” is the angle of ricochet, “AB” is the distance from the
end of the impact mark to the witness paper, and “BC” is the vertical distance from the substrate
to the hole in the witness paper (Figure 3) (Mattijssen et al. Kerkhoff 2018; Mattijssen,, Pater et
al. 2016; Nishshanka et al. 2020).

Figure 3. Diagram showing the different measurements taken in Mattijssen
and Kerkhoff’s research.

Despite the equations that can be used to calculate both the angle of incidence and the
angle of ricochet there are factors that must be considered when examining a shooting scene.
One of these factors is the different interactions that a bullet can have with different substrates
such as sheet metal, glass, or wood. In the study performed by Nishshanka et al. (2020) they
found that another aspect about ricochet from sheet metal concerns the rupturing of the sheet
metal, specifically 1 mm thick sheet metal, and a corresponding fragmentation of the bullet.
From the various angles of incidence that were used (3°, 5°, 8°, 10°, 13°, and 20°) the only two
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angles that produced a true ricochet, where the bullet remained intact, were the angles of 3° and
5°, but the angle of 3° was the only angle used that produced a true ricochet with no rupturing of
the 1 mm thick sheet metal. At all angles from 5° and above the sheet metal would rupture and at
all angles from 8° and above the bullet would fragment and the calculated ricochet angle was
based on the main fragment of the bullet (Nishshanka et al. 2020).
Wood is another possible substrate that a bullet can ricochet off of at a shooting scene. In
addition to properties of the bullet affecting how a bullet will ricochet, the type of wood that a
bullet can ricochet off of will also have an impact. In a study conducted by Kerkhoff et al. (2015)
they used three different types of wood boards (Abachi, Southern Yellow Pine, and Ipe) and two
different types of ammunition, .32 Auto and 9 mm Luger, to determine the impact that wood has
on ricochet (Kerkhoff et al. 2015). The results showed a linear relationship between both the
density and the hardness of the wood with the ricochet angle increasing with increasing density
and hardness (Kerkhoff et al. 2015). In addition to the type of wood used, the wood grain will
also influence the bullet ricochet (Kerkhoff et al. 2015; Mattijssen & Albernik et al. 2016).
Mattijssen and Alberink et al. (2016) conducted a project that examined the influence of wood
grain on bullet ricochet. For this project six different types of wooden boards, five of which had
straight wood grains and the last one had no wood grain (medium density fireboard), were used.
The caliber of ammunition selected was .32 auto FMJ bullets. The deflection angle that may be
experienced by a bullet will be greater if the grain of the wood is in the same direction as the
rotation direction of the fired bullet. Another type of wooden substrate that a bullet can ricochet
off of is MDF (Mattijssen & Albernik et al. 2016) or laminated particle board, which has no
wood grain. Mattijssen et al. (2018) studied the bullet ricochet off of laminated particle board,
which is a common construction material. This type of substrate presents a “yielding” target and
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they found that the angle of ricochet will typically be higher than the angle of incidence. Overall,
the results showed that because this type of substrate has no wood grain, it has less of an impact
on the bullet ricochet and rather the ricochet off of this substrate will be more heavily dependent
on the caliber of the ammunition that was used (Mattijssen et al. 2018).
In addition to the angle of incidence and angle of ricochet from a shooting scene there is
also evidence that can be gathered from both the bullet and the substrate. In the majority of cases
studied by Vermej et al (2012). they found that there were traces from the substrate that could be
found on the bullet. This trace evidence can help an investigator determine the sequence of
targets hit by analyzing the traces that can be found the bullets. So, if a bullet were to strike two
different substrates, then traces from the second substrate would be found on top of the trace
from the first substrate that was struck. This trace evidence can consist of various materials such
as organic substances or inorganic substances from the various substrates that a bullet can
strike/ricochet off of at a crime scene and can also help with crime scene reconstruction by
helping determine the sequence of events that took place at the scene (Vermeij et al. 2012).
Even though a bullet loses some of its energy after it ricochets from a surface it still
possesses enough energy to harm an individual, although the bullet will likely not be able to
penetrate tissue as deeply due to the loss of energy. One typical feature of injuries resulting from
bullet ricochet is an atypical entrance hole with ragged edges, but it is possible for a ricochet to
form circular entrance holes. However, these round entrance wounds were more common when a
bullet was shot at a low incidence angle and as the angle of incidence increased the variation in
the entrance wound also increased. The reason for these atypical wounds is the destabilization of
the bullet’s flight after the it impacts a substrate. In the study conducted by Hlavatay et al.
(2016), they examined 150 ricochet entrance holes and of those 150 none of them showed a
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typical round entrance hole. In the study conducted by Yong (2017) it was found that a bigger
factor on a bullets tissue penetration is its stability and not the velocity of the bullet when it
strikes the tissue. However, the velocity will still play a role in tissue penetration and Yong
(2017) estimates that a minimum velocity of 61 meters per second (200 feet per second, ft/s) is
required to penetrate human skin and tissue (Hlavaty et al. 2016; Yong 2017). Another factor
that should be considered is the possibility for bullet fragmentation when a bullet impacts a
substrate and the subsequent velocity loss of these fragments compared to the main bullet “core”.
Muster et al. (2020) utilized a multiple sensor approach with a coupled sensor to investigate
bullet ricochet and the dangers from bullet fragmentation. This approach was able to quantify a
velocity loss for three small caliber projectiles after ricochet off a steel plate with the most
significant drop off from the fragments of the bullet which also means there is an energy loss
from the bullet and its fragments (Muster et al. 2020).
One case that shows the importance of the reconstruction of a shooting scene was
conducted by Kotas and Reno (2014) who reconstructed a shooting scene to answer legal
questions about a case presented to the Denver Police. In this case the victim was shot by the
defendant who claimed that he had no intention of shooting the victim and that he was aiming at
the ground so the bullet must have ricocheted off the asphalt. The investigators received the
clothing the victim was wearing and upon chemical processing of the clothing no evidence of
residue consistent with gunpowder nor evidence of lead and nitrite residues were found. These
tests also allowed a muzzle to target distance to be determined, which was found to be greater
than five feet. However, the investigators could not rule out whether or not the bullet struck an
object before the victim. To determine potential ricochet angles the investigators used the
defendant’s firearm and the asphalt at the scene and fired at incident angles of 20°, 30° and 45°.
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After shooting at these angles, they used a laser and an inclinometer to determine the ricochet
angle off of the asphalt. Upon impact with the substrate, they found that the bullet would
fragment and become destabilized and form irregular entrance holes which became important in
the case because the entrance wound on the victim was circular. Upon the reconstruction of the
crime scene the investigators were able to say that the wounds on the victim were not consistent
with a ricocheted bullet off the asphalt (Kotas & Reno 2014).
3. Methods and Materials
3.1 Substrates
Three different substrates were selected: sheetrock® (commonly referred to as drywall),
galvanized sheet metal, and concrete sheets known as durock® (which is how this substrate will
be referred to). The substrates were chosen because they are very commonly encountered
material that are often used in various construction projects. Therefore, if a shooting occurs there
is a chance that the bullet or bullets may interact with one of these three different substrates.
Sheetrock® is a very common construction material used in both the construction of
interior walls and ceilings. It is a common construction material because its relatively cheap cost
and ease of use. Sheetrock® is made of gypsum (calcium sulfate dihydrate, CaSO4.2H2O), which
is surrounded by heavy paper and bound together with the use of various additives such as mica,
clay, and resin (Rae 2016). For this project 4 ft x 8 ft x ½ in sheets of USG Moldtough
sheetrock® were purchased for shooting substrates and were cut into 2 ft x 4 ft x ½ in pieces to
serve as target substrates.
Sheet metal is made by first melting the metal in a device known as a crucible which is
then poured into a mold and allowed to cool. After the metal cools it is taken out of the mold and
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chemicals are used so that the metal can be cleaned. Once the metal has been cleaned it is run
through a press which consists of two rollers which thins out the metal. The metal keeps being
run through the press as the rollers are positioned closer to each other until the metal achieves the
desired thickness (during this process it may be necessary to reheat the metal to compress it). To
galvanize the sheet metal, it is immersed in a bath of molten zinc which form a corrosion
resistant surface on the metal (Miley 2018; Langill 2020). Sheet metal is commonly used for the
bodies of cars and trucks and can also be used for roofing in construction projects. The sheet
metal selected for this project was 2 ft x 3 ft with a thickness of 0.03 inches (approximately 22
gauge).
Durock® is a brand of a cement sheet that is commonly used as a subfloor when tiles such
as ceramic or porcelain are used for flooring as well as in showers and tubs. Durock® is made
with a cement core that is then coated with a glass-fiber mesh on one side of the board. Cement
is manufactured through a chemical combination of calcium, silicon, aluminum, iron, and other
ingredients (Hobby 2014; American Cement Manufacturers 2020). The durock® used for this
project was bought in 3 ft x 5 ft x ½ in sheets and was then cut into 3 ft x 2.5 f x ½ in pieces to
be shot at.
3.2 Bullets and Firearms
9 mm Luger handgun ammunition was the selected caliber of ammunition throughout this
project. Specifically, Federal Ammunition: Action Pistol Syntech Total Synthetic Jacket
Technology, 150 grain, centerfire cartridges were used for the polymer coated bullets (Figure 4)
and Federal Ammunition: Champion brand, with brass casings, 115 grain, centerfire cartridges
were used for the full metal jacketed (FMJ) bullets (Figure 5) The firearm used for this project
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was a Ruger PC-9 Carbine with a right-handed twist, which means the barrel is designed so the
bullet will rotate clockwise from the view point of the shooter. (Figure 6).

Figure 4
Federal Syntech Total
Synthetic Jacketed Bullets
9 mm Luger

Figure 5
Federal Ammunition Full
Metal Jacketed Bullets
9 mm Luger
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Figure 6
Ruger PC9 Firearm

3.3 Method
The firearm was first placed in a ransom rest and aimed down range. A Starrett® Angle
Meter (Figure 7) was then placed at the front of the muzzle so the desired angle of incidence
could be measured.

Figure 7
Starrett® Angle Meter
used for the
measurement of the
angle of incidence.
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One of two methods were employed when the angle of the firearm was set. The front screws at
the front of the ransom rest could be adjusted to raise the front portion of the firearm.
Alternatively, wooden shims could be placed underneath the rear part of the ransom rest to raise
the rear portion of the firearm and adjust the angle. When the angle became too great to achieve
by changing the angle of the firearm (above 10º) the angle of the substrate was changed.

Figure 8
Adjustment of the angle of the
substrate for an angle of
incidence greater than 10°.

When the angle was achieved by adjusting the substrate angle the firearm was set at 0°. The
substrate was then placed on an adjustable mount (Figure 8), the angle of which could be
adjusted as needed. If the angle of incidence was ten degrees or less the angle of the firearm was
changed to achieve the desired angle, using the screws or the shims. All angles of incidence used
were measured using the Starrett® Angle Meter.
When the desired angle was achieved a laser with a magnetic base was attached to the
end of the muzzle and used to approximate where the bullet would hit. By using the laser, the
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position of the substrate could be changed so that the laser would hit the substrate and not
interfere with any other previous impact marks that were present. After the substrate was placed
into the correct position a cardboard box, that was filled with cotton, was placed after the
substrate so that when the bullet ricocheted upwards it would strike the box and decelerate
without additional damage to the bullet. The decelerated bullet could then be collected from the
cotton (not all bullets were successfully recovered). When the firearm, the substrate, and the
cotton were in place a witness screen was placed after the substrate and between the cotton so
that the ricochet height could be seen, and measurements could be made so that the ricochet
angle could be calculated. Additionally, a chronograph was placed in between the firearm and
the substrate so the muzzle velocity could be measured. This was arranged so that it was in line
with the firearm, about three to four inches below the muzzle of the firearm, and a couple feet in
front of the firearm (see Figures 9 and 10).

Figures 9 and 10
Set up for the quantification of bullet
ricochet.
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After the angle, the chronograph, the substrate, the witness screen, and the cotton box
were set up the firearm could be discharged. After each shot was taken the velocity was recorded
off of the chronograph, in ft/s. Measurements of the dimensions of the impact (length and width)
itself were taken to be used for the ellipse method. If a ricochet was achieved into the witness
screen the angle of ricochet could be calculated. For this calculation two measurements had to be
taken. The first measurement was the distance from the point at which the bullet left the
substrate, which could be determined from the impact, to the witness screen (AB in Figure 11).
The second measurement that needed to be taken was the distance from the substrate to the point
at which the bullet passed through the witness screen (BC in Figure 11):

q

Figure 11. Triangle demonstrating the measurements taken for angle of
ricochet calculation.

With these two measurements the angle of ricochet (q) could be calculated using the following
equation:

𝜃 = 𝑡𝑎𝑛!" (

𝐵𝐶
)
𝐴𝐵

21
Where “BC” is the distance from the substrate to the hole in the witness screen, and “AB” is the
distance from the point at which the bullet left the substrate to the witness screen. To test the
efficacy of the ellipse method for the TSJ bullets the length and width of each impact mark was
measured at each angle of incidence. The equation:

𝜃 = 𝑠𝑖𝑛!" (

𝑤𝑖𝑑𝑡ℎ
)
𝑙𝑒𝑛𝑔𝑡ℎ

was used to calculate the angle of incidence and to test if the ellipse method is a viable
reconstruction method when TSJ bullets are used. After the measurements were taken the bullet
was retrieved, if it was stopped by the cotton, bagged, and labeled.
At each angle of incidence, five shots were fired with the TSJ bullets and two shots were
fired using the FMJ bullets. At sheetrock® three different angles of incidence were used for both
the TSJ and FMJ bullets and those angles were 4°, 7°, and 10°. For the sheet metal four different
angles of incidence were used for the TSJ bullets (4°, 5°, 7°, and 10°) and three were used for the
FMJ bullets (4°, 5°, and 7°). For durock® three different angles of incidence were used for the
TSJ bullets and two different angles of incidence were used for FMJ bullets and those angles
were 7°, 10°, and 15° but no FMJ bullets were fired at 15°. The angle of incidence for each
substrate was increased until the TSJ bullets began to consistently perforate the substrate. After
the velocity measurements were gathered a two-sample t-test was performed on the data to
determine if there was significant statistical difference between the data sets.
4. Results
(Important to note, when calculating bullet ricochet, it is typical to not report past a full degree.
However, these calculations are based on trigonometric functions and in the interest of
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thoroughness I have reported to a tenth of a degree. It is typically not possible to come to
conclusions at these levels of confidence.)
4.1 Velocity
A chronograph was used to measure the velocity of the bullets as they left the barrel of
the firearm. A total of forty-three TSJ bullet velocities were measured and a total of sixteen FMJ
bullet velocities were measured with the FMJ bullets having a greater average velocity (Table 1).
TSJ

FMJ

979 ft/s ± 8 ft/s

1236 ft/s ± 9 ft/s

(43 shots)

(16 shots)

Table 1. Velocity averages from TSJ bullets and FMJ bullets.

A two-sample t-test was performed on this data set and a significant statistical difference (p –
value < 0.00001) was found.
4.2 Bullet Ricochet
For the calculation of bullet ricochet angle not all bullets remained intact after coming
into contact with the substrate. For those shots where the bullets did not remain intact either the
main bullet fragment was used to make the calculation, or for the shot(s) where the bullet
fragmented into two larger pieces then both of those bullet fragments were used, and two
ricochet angles were calculated. The bullet ricochet was calculated using the following equation:

𝜃 = 𝑡𝑎𝑛!"

𝐵𝐶
𝐴𝐵
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Where “𝜃" is the angle of ricochet, “BC” is the distance from the substrate to the impact point on
the witness screen, and “AB” is the distance from the point at which the bullet left the substrate
to the witness screen.
4.2.1 Sheetrock®
For both the TSJ and FMJ bullets used to fire at sheetrock®, three different angles of
incidence were used: 4°, 7°, and 10°. At 10° each shot fired at the substrate perforated the
substrate and therefore no angle of ricochet could be calculated for this angle of incidence.
Additionally, at 7° each FMJ shot perforated the substrate. For the TSJ shots at 7°, all bullets
ricocheted off of the substrate, except for one which perforated the substrate. At 4° each bullet
fired at the substrate resulted in a ricochet off of the substrate. For each bullet that ricocheted an
angle of ricochet could be calculated (Table 2) along with an average ricochet angle at a
particular angle of incidence (Table 3).
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Angle of Incidence

Calculated Angle of Ricochet
for TSJ Bullets

Calculated Angle of Ricochet
for FMJ Bullets

4°

Shot 1: 7.2°

Shot 1: 7.2°

Shot 2: 6.6°

Shot 2: 7.2°

Shot 3: 7.7°

Shot 3: 5.6°

Shot 4: 8.2°
Shot 5: 8.2°
7°

Shot 1: 10.8°
Shot 2: 10.2°
Shot 3: Perforated
Shot 4: 11.3°
Shot 5: 15.0°

Table 2. Calculated Angle of Ricochet for TSJ and FMJ bullets shot at sheetrock®.

Angle of Incidence

TSJ

FMJ

4°

7.6° ± 0.7°

6.7° ± 1°

7°

11.8° ± 2.1°

NA

(one shot perforated substrate)
10°

NA

NA

Table 3. Average bullet ricochet for the TSJ and FMJ bullet shot at sheetrock®.

4.2.2 Sheet Metal
For the sheet metal substrate four different angles of incidence were used for the TSJ
bullets: 4°, 5°, 7°, and 10° but the 10° angle of incidence was not used for the FMJ bullets. Bullet
ricochet was achieved for all shots taken at 4° for both the TSJ and FMJ bullets. Both shots taken
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at 4° with the FMJ bullets produced bullet fragmentation. At a 5° angle of incidence into sheet
metal four of the five TSJ bullets produced clean ricochet while the other bullet fragmented
(clean ricochet refers to those shots where the bullet remained relatively intact after ricocheting
off of the substrate). The fourth shot with the TSJ bullets at the sheet metal produced two large
bullet fragments, consequently two ricochet angles (figure 12) were calculated for this shot.

Figure 12. Rods used to show ricochet of
two bullet fragments (TSJ bullet, shot #4,
5°)

Both shots at 5° of the FMJ bullets produced bullet fragmentation. Because of the bullet
fragmentation (figure 13), the calculated bullet ricochet was made from the measurements taken
based on the trajectory from the main bullet fragment (i.e., the largest fragment) that was
recovered.
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Figure 13.
Deformation of TSJ
bullet shot at sheet
metal.

At an angle of incidence of 7° neither the TSJ nor the FMJ bullets produced any bullet ricochet
with each shot perforating the sheet metal and the same occurred with the TSJ bullets fired at
10°. An angle of ricochet was calculated for each bullet / bullet fragment that ricocheted off of
the sheet metal (Table 4) and the averages were then calculated from these results (Table 5). In
table 5, two averages are calculated with (a) being the average without the bullet fragmentation
included and (b) being the average with the bullet fragmentation included.
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Angle of Incidence

Calculated Angle of Ricochet
for TSJ bullets

Calculated Angle of Ricochet
for FMJ bullets

4°

Shot 1: 6.4°

Shot 1: 5.2°

Shot 2: 3.9°

Shot 2: 4.2°

Shot 3: 4.8°
Shot 4: 7.2°
Shot 5: 11.7°
5°

Shot 1: 4.4°

Shot 1: 5.5°

Shot 2: 2.6°

Shot 2: 3.9°

Shot 3: 3.6°
Shot 4: (a) 13.1°
(b) 7.5°
Shot 5: 4.9°
Table 4. Calculated angle of ricochet for TSJ and FMJ bullets shot at sheet metal.

Angle of Incidence

TSJ

FMJ

4°

6.8° ± 3.1°

4.7° ± 0.7°

5°

(a) 3.9° ± 1.0° (fragmentation not
included)

4.7° ± 1.2°

(b) 6.0° ± 3.8° (fragmentation
included)
7°

NA

NA

10

NA

NA

Table 5. Average bullet ricochet for the TSJ and FMJ bullets shot at sheet metal.
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4.2.3 Durock®
Three different angles of incidence were used for the shots fired at durock®: 7°, 10°, and
15°(no shots with FMJ bullets were fired at 15°). Higher angles of incidence were selected under
the assumption that the cement of the durock® would withstand higher angles of incidence before
the bullets began to perforate the substrate, which was shown to be the case. Bullet ricochet was
achieved for each shot taken at 7° and 10° but each TSJ bullet fired at the durock® with an angle
of incidence of 15° perforated the substrate. None of the bullets fragmented during the
interaction with the substrate. The calculated ricochet angles and the averages (Tables 6 and 7)
showed that each bullet’s angle of ricochet was higher than that of the angle of incidence, which
is what is typically expected for bullet ricochet from a yielding surface (Haag & Haag 2011).
Angle of Incidence

Calculated Angle of Ricochet
for TSJ Bullets

Calculated Angle of Ricochet
for FMJ Bullets

7°

Shot 1: 8.0°

Shot 1: 10.6°

Shot 2: 7.2°

Shot 2: 8.6°

Shot 3: 8.1°
Shot 4: 8.4°
Shot 5: 9.61°
10°

Shot 1: 11.0°

Shot 1: 12.5°

Shot 2: 13.0°

Shot 2: 8.6°

Shot 3: 11.6°
Shot 4: 14.1°
Shot 5: 14.1°
Table 6. Calculated Angles of Ricochet for TSJ and FMJ bullets fired at durock.
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Angle of Incidence

TSJ

FMJ

7°

8.3° ± 0.9°

9.6° ± 1.4°

10°

12.7° ± 0.9°

11.1° ± 2.0°

15°

NA

NA

Table 7. Average bullet ricochet for the TSJ and FMJ bullets fired at durock®.

4.3 Ellipse Method
The ellipse method was used for each shot of the TSJ bullets on each of the three
different substrates to calculate the angle of incidence. The dimensions, length and width, of the
impact marks were measured and then these measurements were plugged into the following
equation:

𝜃 = 𝑠𝑖𝑛!"

𝑊
𝐿

where “𝜃” is the angle of incidence, “W” is the width of the impact mark, and “L” is the length
of the impact mark. This was performed to see if the ellipse method is a viable option for
calculating the angle of incidence of a TSJ bullet. Each shot with the TSJ bullets produced an
impact mark in the substrate but each shot did not produce a bullet ricochet. This will also show
if the method is viable for those bullets that did not ricochet but rather perforated the substrate.
4.3.1 Sheetrock®
A total of fifteen TSJ bullets were fired at sheetrock® at three different angles of
incidence: 4°, 7°, and 10°. At the angle of incidence of 10° the TSJ bullets perforated the
sheetrock® while the angles of 4° and 7° produced bullet ricochet. The dimensions of the impact
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mark from each shot were measured to use the ellipse method so that the angle of incidence
could be calculated (Tables 8 and 9). For the shots taken at 10°, no ricochet, the dimensions of
the impact mark were still measured so that the ellipse method could be used (Table 10). An
average angle of incidence for the five shots taken at each angle of incidence was then calculated
(Table 11).
Shot Number

Calculated Angle of Incidence

Shot #1

2.4°

Shot #2

3.0°

Shot #3

3.4°

Shot #4

3.5°

Shot #5

3.3°

Table 8. Calculated Angles of Incidence for TSJ bullets fired at sheetrock® with an
angle of incidence of 4°.

Shot Number

Calculated Angle of Incidence

Shot #1

3.9°

Shot #2

3.2°

Shot #3

3.9°

Shot #4

2.9°

Shot #5

2.5°

Table 9. Calculated Angles of Incidence for TSJ bullets fired at sheetrock® with
an angle of incidence of 7°.
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Shot Number

Calculated Angle of Incidence

Shot #1

7.8°

Shot #2

8.2°

Shot #3

8.9°

Shot #4

8.4°

Shot #5

8.8°

Table 10. Calculated angles of incidence for TSJ bullets fired at sheetrock®
with an angle of incidence of 10°.
True Angle of Incidence

Average Calculated Angle of Incidence

4°

3.1° ± 0.4°

7°

3.3° ± 0.6°

10°

8.4° ± 0.4°

Table 11. Average Calculated Angle of incidence for each true angle of incidence.

4.3.2 Sheet Metal
A total of twenty TSJ bullets were fired at sheet metal at four different angles of
incidence: 4°, 5°, 7°, and 10°. The angles of incidence of 4° and 5° produced bullet ricochet but
the angles of incidence of 7° and 10° did not ricochet but rather perforated the substrate.
Regardless of whether the bullet ricocheted or not the impact mark was measured for the
calculation of the angle of incidence. The final calculations (Table 12-15) and averages (Table
16) for each angle of incidence can be seen below.
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Shot Number

Calculated Angles of Incidence

Shot #1

3.0°

Shot #2

6.0°

Shot #3

4.4°

Shot #4

5.5°

Shot #5

4.0°

Table 12. Calculated Angles of Incidence for TSJ bullets fired at sheet metal with a
true angle of incidence of 4°.

Shot Number

Calculated Angles of Incidence

Shot #1

3.5°

Shot #2

2.7°

Shot #3

2.0°

Shot #4

5.7°

Shot #5

4.0°

Table 13. Calculated Angle of Incidence for TSJ bullets fired at sheet metal with a
true angle of incidence of 5°.
Shot Number

Calculated Angles of Incidence

Shot #1

5.8°

Shot #2

5.6°

Shot #3

7.6°

Shot #4

9.9°

Shot #5

6.5°

Table 14. Calculated Angle of Incidence for TSJ bullets fired at sheet metal with a true
angle of incidence of 7°.
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Shot Number

Calculated Angles of Incidence

Shot #1

9.6°

Shot #2

10.9°

Shot #3

15.4°

Shot #4

14.0°

Shot #5

13.6°

Table 15. Calculated Angle of Incidence for TSJ bullets fired at sheet metal with a
true angle of incidence of 10°.

True Angle of Incidence

Calculated Angle of Incidence Average

4°

4.6° ± 1.2°

5°

3.6° ± 1.4°

7°

7.1° ± 1.7°

10°

12.7° ± 2.4°

Table 16. Average calculated angle of incidence for each true angle of incidence.

4.3.3 Durock®
A total of fifteen shots were fired at durock® with three different angles of incidence: 7°,
10°, and 15°. Both the 7° and 10° angles of incidence produced bullet ricochet and the
dimensions of the impact marks were measured and the angle of incidence was calculated using
the ellipse method (Tables 17 and 18). The angle of incidence of 15° did not produce bullet
ricochet but the dimensions of the impact marks were still measured, and the angle of incidence
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was calculated (Table 19). After these calculations the average angle of incidence using the
ellipse method was calculated (Table 20).
Shot Number

Calculated Angles of Incidence

Shot #1

11.9°

Shot #2

14.1°

Shot #3

8.3°

Shot #4

8.3°

Shot #5

7.7°

Table 17. Calculated Angle of Incidence for TSJ bullets fired at durock® with a true
angle of incidence of 7°.
Shot Number

Calculated Angles of Incidence

Shot #1

6.8°

Shot #2

7.7°

Shot #3

7.6°

Shot #4

6.8°

Shot #5

5.7°

Table 18. Calculated Angle of Incidence for TSJ bullets fired at durock with a true
angle of incidence of 10°.
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Shot Number

Calculated Angles of Incidence

Shot #1

16.3°

Shot #2

15.0°

Shot #3

13.2°

Shot #4

14.8°

Shot #5

12.8°

Table 19. Calculated Angle of Incidence for TSJ bullets fired at durock with a true
angle of incidence of 15°.

True Angle of Incidence

Calculated Angle of Incidence Average

7°

10.1° ± 2.8°

10°

6.9° ± 0.8°

15°

14.4° ± 1.4°

Table 20. Average calculated angle of incidence for each true angle of incidence.

5. Discussion
(At the time the data was collected, ammunition was difficult to acquire and therefore only a
limited number of shots could be taken, with both the TSJ and FMJ bullets. Due to the limited
number of measurements, it was not possible to test for statistical significance of detected
difference in the ricochet and ellipse method data sets. A statistical analysis would establish if
there is a significant difference in the two data sets and increase the value of this research. Due
to the difficulties that can be encountered when analyzing the TSJ bullets a statistical analysis
regarding the bullet ricochet becomes even more important.)
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Being able to reconstruct a shooting scene can often be a crucial step in the investigation
of a crime. However, no two shooting scenes will be the same and one must approach the
reconstruction as its own unique event. There are many pieces of information that must be
gathered before an accurate reconstruction can be performed. Some of this information includes,
but is not limited to, whether or not the bullet(s) ricocheted and what caliber/type of bullet was
used. Currently, there has been research done on the ricochet behavior of various calibers of
bullets off of various substrates. With this research there is an understanding of how various
bullets will interact with a substrate and what can be expected of the ricochet. Therefore, an
investigator will have a foundation of where to begin their examinations of the scene to create
the most accurate reconstruction they can. The introduction of the polymer coated bullets
complicates this foundation as there has, up until now, been no published papers on the ricochet
behavior of these types of bullets. The importance of this research can be increased when one
thinks of the difficulties that will be encountered when trying to link these bullets to the firearm
that fired them. This research project was designed to begin to build a foundation for these
polymer coated bullets and observe if there are any differences between the impact dynamics of
polymer coated bullets and the impact dynamics of full metal jacketed bullets.
5.1 Velocity
One clear difference that could be seen between the two types of bullets was the
difference in the velocity as they left the barrel of the firearm. As can be seen from table 1 (page
22) the FMJ bullets had a higher average velocity of 257 ft/s. A two-sample t-test was performed
on the velocities from the two bullets and a significant difference was found between the two
average velocities (p-value of < 0.00001). This difference in velocity could be due to the
difference in mass of the TSJ bullets and FMJ bullets. The TSJ bullets were a 150-grain bullet
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and the FMJ bullets were a 115-grain bullet. This equates to a mass of 9.75 grams and 7.48
grams, respectively. As can be seen in figure 12 the morphology of the propellants in both
cartridges is different which may also have an impact on the velocity of the bullets.

Figure 14. (Left) Propellant found in the TSJ cartridge, (right) propellant found in the
FMJ cartridge.

This significant decrease in velocity would then also lead to a difference in the kinetic energy of
the bullet as it struck a substrate. However, this project did not examine the differences in
damages done to different substrates from the two bullet types so another project would need to
be designed to examine this further.
5.2 Ricochet
5.2.1 Sheetrock®
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The sheetrock® used was cut into 2 ft x 4 ft pieces and had a thickness of a ½ inch. The
data from the bullets fired at sheetrock® with an angle of incidence of 4º showed that the average
bullet ricochet of the TSJ bullets was higher than that of the FMJ bullets. At 7º both FMJ bullets
fired at the sheetrock® perforated the substrate and at 10º all shots fired, both TSJ and FMJ,
perforated the substrate. However, one comparison that can be made is the average calculated
ricochet angle between the TSJ bullets fired at 4º and those fired at 7º. As one can see from table
3 (page 24), the average calculated ricochet angle was higher for those bullets fired at 7º than the
calculated average for those bullets fired at 4º. This increase is consistent with previous research
that has stated that it is a common occurrence of bullet ricochet (Haag & Haag 2011).
At an angle of incidence of 7º, four of the five TSJ bullets fired at the sheetrock®
ricocheted off of the substrate while one of the bullets (the third shot) perforated the substrate.
This single perforation could mean that the critical angle for the TSJ bullets fired into sheetrock®
is at or around 7º. While the fact that both FMJ bullets fired at sheetrock® at 7º perforated the
substrate means that the critical angle for FMJ bullets fired at sheetrock® would be at a lower
angle than 7º. The fact that all bullets, both TSJ and FMJ, perforated the sheetrock® at an angle
of incidence of 10º confirms the previous statements regarding the critical angle. Keeping in
mind that the critical angle is the angle of incidence at which the bullet will no longer ricochet
off of the substrate but will rather perforate the susbtrate. With one of the five TSJ bullets
perforating the substrate that would mean that the critical ricochet angle would be close to this
angle of incidence (7º).
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5.2.2 Sheet Metal
The sheet metal used was a 22-gauge galvanized sheet metal measured 2 ft x 3 ft with a
thickness of 0.030 inches. The sheet metal used proved to be a difficult substrate to work with
for this project. The first problem encountered with this sheet metal was that it was not a rigid
substrate and so when it was placed on the table, a piece of sheetrock® needed to be placed
underneath so that it would remain flat and could be accurately shot. This means that all data
recorded from sheet metal was recorded with a sheetrock® support beneath the sheet metal.
Although, it is important to note that this sheet metal will usually have some type of support
behind it when used in an automobile. Another difficulty occurred from the result of the bullet
interacting with the sheet metal. Each shot taken at the sheet metal caused a rip to form in the
sheet metal (Figure 15) as well as an indentation to form in the sheet metal. This indentation then
caused the sheet metal to slightly bulge away from the sheetrock® (Figure 16). This meant that
each shot after the first one taken at the sheet metal was not fired at a completely flat substrate.
This may have slightly altered the results, but enough sheet metal was not available to use one
piece of sheet metal per shot. To see if this ripping and denting affects the ricochet a single piece
of sheet metal would need to be used for each shot.
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Figure 15 (Left). Rips in sheet metal formed from TSJ bullets.
Figure 16 (Right). Resulting indentation from repeated shots.
The data obtained from the sheet metal of the TSJ shots showed high variation with the
calculated angles of ricochet. The standard deviation, and therefore variance, from these data sets
were high, roughly half of the calculated average for the angle of ricochet. One variable to
consider when looking at this variation is the deformation of the sheet metal that would occur
after a bullet struck the substrate. After the first shot, the sheet metal deformed slightly and
would no longer lie flat on the sheetrock® and resulted in a slight swelling of the sheet metal.
This swelling would then cause the bullet to strike the substrate while it was no longer parallel to
the ground, with each successive shot deforming the sheet metal more. These subsequent
deformations would then lead to further atypical bullet interactions with the sheet metal.
Continued bullets fired into the already deformed sheet metal would affect the angle at which the
bullet would leave the substrate, and therefore the angle at which the bullet ricocheted from the
substrate. This high variation/standard deviation was not prevalent with the FMJ shots which
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could be due to the minimal data stemming from the lack of shots taken with these bullets. More
data can be obtained with both FMJ and TSJ bullets to obtain a better understanding of the
impact that sheet metal has on the ricochet of these bullets.
At an angle of incidence of 5º there was an instance in which the bullet fragmented into
two large pieces, both of which struck the witness paper and were stopped by the box of cotton
used for bullet recovery. As one can see from Table 4 (page 26) the fourth shot shows two
calculated angles of ricochet and Table 5 (page 26) shows two ricochet averages, this is because
the fragmentation formed two large bullet fragments neither of which could have been said to be
the main bullet fragment. This fragmentation was only seen with this substrate, and this
fragmentation was likely caused by the ripping of the sheet metal from the bullets striking the
substrate. More data would need to be gathered to determine if the level of fragmentation seen
with the fourth shot taken at 5º is a common occurrence or not. Additional data would need to be
obtained to determine if an angle of incidence of 4º could also cause that fragmentation.
Angles of incidence higher than 5º produced no bullet ricochet for either the FMJ or TSJ
bullets and each shot taken perforated the substrate, including the sheetrock®. The next highest
angle of incidence used for both types of bullets was 7º and each shot taken at this angle
perforated the substrates. This means that critical ricochet angle for both the TSJ and FMJ bullets
would be greater than 5º.
5.2.3 Durock®
The durock® used was cut into 3 ft x 2.5 ft pieces with a thickness of a ½ inch. Due to the
expected increase in critical ricochet angle, the angles of incidences used were started at a higher
angle than that of either sheetrock® or sheet metal. Each shot taken, both TSJ and FMJ, at an
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angle of incidence of 7º produced a ricochet with no fragmentation of the bullet. The average
calculated ricochet angle of the FMJ bullets was higher than the average calculated ricochet
angle of the TSJ bullets. The same cannot be said for the angle of incidence of 10º. Although
each shot taken of both the TSJ and FMJ bullets produced a clean ricochet the average calculated
angle of ricochet was higher for the TSJ bullets than it was for the FMJ bullets. This discrepancy
could be due to the substrate and the angle of incidence itself rather than the polymer coating of
the bullets. However, more data would need to be collected to confirm that this discrepancy is
consistent and not just a factor of the limited data. At an angle of incidence of 15º every shot of
the TSJ bullets, no FMJ shots were taken, perforated the substrate and no ricochet angle was
calculable. The consistent perforation of the durock® at this angle would mean that the critical
ricochet angle, for both the TSJ and FMJ bullets, would be below 15º and above 10º due to the
fact that each bullet ricocheted off the durock® at an angle of incidence of 10º.
5.2.4 General Statements
In all except two instances, the calculated angle of ricochet averages for the TSJ bullets
were larger than that of the FMJ bullets for all substrates and angles of incidence used. Those
instances were at angles of incidence of 7º fired at durock® and 5º fired at sheet metal (for the
average not including the fragmented bullet. For these two instances the calculated angle of
ricochet average was higher for the FMJ bullets than that of TSJ bullets. Despite the averages
being higher, however, there were still individual shots whose calculated angle of ricochet was
lower than that of the angle of incidence used. This suggest that each shooting scene will be
unique, and measurements will still need to be taken at the scene so that the angle of ricochet can
be calculated and factored correctly into any subsequent reconstruction. Another important thing

43
to note is that many of the impact marks had a red residue in them, meaning that some of the
polymer coating was left in the impact mark and can therefore be detected at the impact site.
5.3 Ellipse Method
There has been research previously done on the ellipse method with FMJ bullets, so the
ellipse method was only applied to the TSJ shots. The ellipse method was applied to all TSJ
shots taken at each substrate, regardless of whether or not the bullet ricocheted from the
substrate. All width measurements were taken at the widest part of the impact mark that was
towards the middle of the impact mark.
5.3.1 Sheetrock®
The dimensions (figure 17) were measured after each shot was taken for the ellipse
method calculations. At an angle of incidence of 4º the ellipse method gave an average
calculated angle of incidence slightly below the true angle of incidence used, with each
individual shot giving a slightly lower angle of incidence than the true angle of incidence. A
similar calculated angle of incidence with the ellipse method was shown for the true angle of
incidence of 7º, with the average calculated angle of incidence being slightly larger than that of
the 4º angle of incidence. Despite the similar calculated angles of incidence, there were still
notable differences between the dimensions of the impact mark of the shots taken at 4º and 7º.
The length and width of the shots taken at 4º were both smaller on average than that of the shots
taken at 7º. However, the ratio between the length and width of the impact mark was similar,
leading to the similar calculated angles of incidence. When the ellipse method was applied to the
shots taken at 10º it also showed an average angle of incidence less than that of the true angle of
incidence used. When the ellipse method was applied to each individual shot the calculated
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angles of incidence were also lower than the true angle of incidence used. The dimensions of the
impact mark for the shots taken at 10º showed much different lengths than that seen with the
shots taken at 4º and 7º. This decrease in length can be linked to the increase in the angle of
incidence from the shots that were taken. In other words, as the angle of incidence increases the
length of the impact mark will decrease.

Figure 17 – Image of sheetrock®
showing how the different
dimensions of the impact mark were
measured.

5.3.2 Sheet Metal
When the ellipse method was applied to all shots taken at sheet metal it showed to be
relatively consistent with each true angle of incidence either falling into the bracket of the
calculated angle of incidence with the standard deviation (true angles of incidence: 4º, 5º, and 7º)
or falling just outside of this bracket (10º). Despite the ripping of the sheet metal that occurred,
the severity of which varied from shot to shot, accurate measurements of the impact marks
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(figure 18) could still be taken so that the ellipse method can be applied to TSJ bullets shot at
sheet metal. The ripping of the sheet metal did cause some variation within the dimensions of the
impact marks, especially the width of the impact marks. The width of the impact mark was
measured at the widest part of the impact mark, which tended to be toward the middle of the
impact mark. Despite this the calculated angle of incidence remained fairly true to the actual
angle of incidence at which the shots were taken. Just as with sheetrock®, the length of the
impact mark decreased as the angle of incidence increased. This shows that there is an inverse
correlation between the angle of incidence and the length of the impact mark (i.e., the shorter the
length of the impact mark, the greater the angle of incidence). It is important to remember that
there was a sheetrock® support used underneath the sheet metal but despite this support accurate
measurements were still obtained and used to calculate an approximate angle of incidence.

Figure 18 – Image of sheet metal showing how the dimensions of the impact mark
were measured.

46
5.3.3 Durock®
The ellipse method proved more varied when used on the TSJ bullets shot at the durock®
substrate. At the true angle of incidence of 7º there was variation between the calculated angles
of incidence from as low as 8.3º to as high as 14.1º and gave an average calculated angle of
incidence a few degrees higher than the true angle of incidence used. The true angle of incidence
of 10º showed less variation than was seen at 7º but each calculated angle of incidence, as well as
the average calculated angle of incidence, was a few degrees less than the true angle of
incidence. The variation and lower than expected calculated angle of incidence could be
explained by the makeup of the substrate and the interaction of the bullet with the substrate. As
the bullet struck the substrate, the concrete of the substrate would often crumble and break away,
especially in the width direction (figure 19, 20, and 21).

Figure 19 (left) - Breaking and crumbling of the concrete in durock® board from TSJ bullet.
Figure 20 (right) – Breaking and crumbling of the concrete in durock® board from FMJ
bullet.
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This breaking of the substrate could have resulted in larger impact marks which would ultimately
lead to inaccurate measurements and therefore inaccurate calculated angles of incidence. With
the shots taken at 15º the average calculated angle of incidence was more accurate than the
calculations seen at 7º and 10º. The dimensions of the impact marks also remained fairly
consistent at 15º which could be due to the higher angle of incidence and the less time the bullet
would be interacting with the substrate. Despite the variation and differences seen, especially at
7º and 10º, whether these differences and variations are statistically significant would need more
shots in order to be confidently determined.
Shooting scene reconstructions can be a crucial element to the investigation of a shooting
crime and one of the important variables to be determined is the angle of ricochet and incidence.
Especially at scene where TSJ bullets are used the importance of data that can be obtained at the
scene increases. Typically, with FMJ bullets it is possible to be able to link a bullet to the firearm
that fired the bullet. With TSJ bullets this is not possible as only general rifling characteristics
can be seen on the bullet. While these characteristics can be used to narrow down the firearm that
was used it cannot be used to link the bullet to a particular firearm. This research has established
a good starting point for data that can be obtained at the scene but further research needs to be
done regarding TSJ bullets so more data can be obtained to aid in the investigation of a crime.
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Figure 21 – Image of durock®
showing how the dimensions of the
impact mark were measured.
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Appendix
TSJ: Total Synthetic Jacket
FMJ: Full Metal Jacket
CMU: Concrete Block Masonry Unit
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